To evaluate the diagnostic accuracy of ultrasonic acoustic structure quantification (ASQ) for grading hepatic fibrosis/cirrhosis by comparing ultrasonographic features of regions of interest on ASQ images with the pathological characteristics of stage F0-F4 hepatic fibrosis cases.
Introduction
Hepatic fibrosis is marked by excessive deposition of extracellular matrix collagen, leading to degeneration, inflammation, and necrosis of the hepatic tissue. [1] Multiple cell types including TNF-a-producing NKp44+ NK cells [2] and multiple cellular proteins including heat shock protein 47 (HSP47) [3] are intimately implicated in hepatic fibrosis. While early hepatic fibrosis is a reversible process, cirrhosis involves an irreversible lesion. Thus, early accurate diagnosis and treatment of hepatic fibrosis may effectively eliminate the cause of the disease, and delay or reverse the development of fibrosis. [4] Liver biopsy has been the gold standard for the diagnosis of hepatic fibrosis and cirrhosis; however, liver biopsy is contraindicated in many conditions, including hepatic biliary tract obstruction, bacterial biliary tract infection, or biliary tract hemorrhage. [5, 6] Moreover, since liver biopsy is an invasive procedure, it may cause subdiaphragmatic abscess, subcutaneous emphysema, pneumo-peritoneum, and other complications. Besides, most patients are unwilling to undergo liver biopsy. On the other hand, liver biopsy specimens are usually small, which may lead to an incorrect pathological diagnosis due to sampling bias. [7] Thus, liver biopsy is not undertaken routinely for the diagnosis of hepatic fibrosis and cirrhosis.
Ultrasound examination is non-invasive, involves no radiation and has no clinical contraindications. Conventional 2-dimensional ultrasonography can be used to evaluate diffuse liver lesions as well as morphological changes of the hepatic vein by assessing echo changes in the parenchyma.
Acoustic structure quantification (ASQ) is a new ultrasonographic technique that analyzes the intensity of echo signals in liver tissue as well as back-scattering changes. [8, 9] ASQ quantitatively analyzes the difference in echo strength of the normal liver tissue against the echo strength of a region of interest (ROI) via secondary Chi-square analysis. Based on the images obtained from conventional ultrasonography, cm 2 (cm 2 = variance of actual measurements/normal liver variance) of mode, average, SD, and the RB ratio [the ratio of the area under the blue curve [abnormal signal] to the area under the red curve [normal signal]) can be calculated with certain software, after setting the ROIs, to evaluate the degree of hepatic fibrosis quantitatively. However, the accuracy of the newly developed ASQ in diagnosing, and particularly, in grading hepatic fibrosis, has been debated. [8, [10] [11] [12] [13] In this study, we sought to explore the practical value of ultrasonic ASQ for assessing the stages of hepatic fibrosis by comparing the ultrasonographic features of ROIs on ASQ images with the pathological characteristics of chronic viral hepatitis B patients. The study protocol was approved by the Ethics Committee of our hospital. Each patient signed informed consent for study participation. The study was carried out in accordance with the tenets of the Declaration of Helsinki.
Patients and methods
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A color diagnostic ultrasound system (Aplio500) with a THI 5.0-MHz transducer (TOSHIBA, Minato, Japan) was used. The image depth was 6 cm and storage time was 3 to 4 seconds. Obvious blood vessels, bile ducts, and the shadow of the ribs were excluded from the ROI.
Patients were placed in the supine position with their legs slightly bent and arms relaxed and were asked to breathe normally. The ultrasound probe was first placed under the xiphoid; when the left lobe was ready for ASQ analysis, the ASQ interface was started. The probe was moved to the right intercostal spaces. Thereafter, patients were placed in the left lateral position, and the probe was placed below the margin of the right rib to obtain sectional images of regions V, VI, VII, and VIII of the liver, respectively. Four images of these liver sections were obtained for each patient.
After ultrasound examination, images were transferred to a computer for ASQ analysis. The ROI for ASQ was set as large as possible and was no smaller than 30 Â 20 mm. Hepatic tumors, large blood vessels, and bile ducts were excluded from the ROI. Each sectional image was divided into 20 to 30 sub-images, and in each sub-image, the following 6 parameters were analyzed: 1) red line is shown in mode 1, average 1, and SD 1; 2) blue line is shown in mode 2, average 2 and SD 2; 3) cm 2 : variance of data obtained from examination/variance of healthy liver; 4) mode: the cm 2 value of sampling points in the ROI, which showed the highest frequency; 5) average: the average cm 2 of all sampling points in the ROI; 6) SD: the dispersion degree of sampling points in the ROI.
The frequency histogram of cm 2 was drawn with the average on the horizontal axis and cm 2 on the vertical axis. ASQ images were analyzed by 2 similarly experienced radiologists with more 6 years of experience, who were blinded to patient information.
Stages of hepatic fibrosis/cirrhosis and hepatic function tests
Serum levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT), and glutamyl transferase were determined as routine hepatic function test. Hepatic fibrosis was pathologically categorized into 5 stages as previously described: [14] F0 (no hepatic fibrosis), F1 (portal fibrosis), F2 (periportal fibrosis), F3 (septal fibrosis), and F4 (cirrhosis).
Statistical analysis
Data were analyzed with SPSF13.0, SAS9.3, and R2.15 statistical packages. Data were compared among multiple groups using univariate analysis of variance (ANOVA), followed by the Student-Newman-Keuls test if the data distribution was normal, or by the Kruskal-Wallis test if the data did not follow a normal distribution. Comparison of countable data between 2 groups was performed using Fisher exact method. Multiple stages of pathological fibrosis were compared using principal component analysis (PCA) and multivariate analysis of variance (MAN-OVA). If statistically significant differences were detected, the least squares difference-test or Nemenyiya test was used for further comparisons between any 2 groups. The significance level was set as 0.05. The area under the curve, sensitivity, and specificity were determined by drawing the receiver operating characteristic (ROC) curve. The cutoff was set as the value corresponding to the maximum sensitivity and specificity and used to evaluate accuracy. The ROC curve with 95% confidence interval (CI) was plotted to obtain the area under the ROC curve (AUROC), and AUROC was then used to evaluate the critical values for diagnosing fibrosis: F0 versus F1-F4 (≥F1); F0-F1 versus F2-F4 (≥F2); F0-F2 versus F3-F4 (≥F3), and F0-F3 versus F4 (≥F4). In addition, sensitivity, specificity, and accuracy were determined. Differences were considered statistically significant when P <.05.
Results
General characteristics of patients
Among the 97 patients, 14, 12, 34, 27, and 10 patients had stage F0, F1, F2, F3, and F4 hepatic fibrosis, respectively. There was no significant difference in demographic and baseline variables among patients with different stages of hepatic fibrosis, except for serum AST, ALT, and g-glutamyl transferase levels (Table 1) . 
Direct comparison between 2-dimensional and ASQ images
Comparison of mean cm 2 at different hepatic fibrosis stages
With some exceptions, there were significant differences in the mean cm 2 values among different stages of hepatic fibrosis in the 4 liver sections (the right lobe below the first rib, the right lobe below the second rib, the right lobe between the ribs, and the left lobe) ( Table 2) . Notably, no significant difference was observed in the mean cm 2 values between sections in the same stage ( Table 2 ).
Correlation between pathological scores and stages of hepatic fibrosis detected with ASQ
Typical pathological images showing the stages of hepatic fibrosis by hematoxylin and eosin staining could be found in Supplementary Figure 1 . We analyzed the correlation between hepatic fibrosis stages and mean cm 2 values of each image using Spearman's rank correlation test. Significant positive correlation coefficients (R) ranged from 0.53 to 0.81, all with P <.01 (Fig. 2 ). There were significant differences among the 5 stages (F0-F4) with PCA ( Fig. 3 ). More importantly, multivariate analysis between ASQ cm 2 and different pathological stages of hepatic fibrosis revealed significant differences between any 2 adjacent stages (P = .03 for F0 vs F1; P <.01 for others) (Tables 3-7) .
Determination of AUC and hepatic fibrosis stages
The averages of 4 liver sections showed no significant difference (P = .13) with block variance analysis (data not shown). Therefore, the mean cm 2 of the section of the right lobe below the rib was selected as the basis for evaluating the stages of hepatic fibrosis. ROC curves were then drawn to predict the threshold values of stages in each group. The AUC reached the maximal values for F0 versus F1-F4, showing 0.969 for cm 2 average 1 and cm 2 0.917 for average 2. However, for the comparison of F0-F3 versus F4, sensitivity reached 100% for both averages, while specificity was below 0.75 (Table 8 ).
Discussion
ASQ is a new technique that can be used for diagnosis of diffuse liver diseases utilizing chi-square tests. Based on the images obtained from routine ultrasonography, cm 2 , including mode, average, SD, and the RB ratio, can be calculated with a software after setting the ROIs. In this way, we diagnosed hepatic fibrosis quantitatively through ultrasonic examination and compared this with pathological examination. We found a significant positive correlation between the mean cm 2 and pathological hepatic fibrosis stages (P <.01, Fig. 2 ), which revealed that the mean cm 2 increased with the progression of hepatic fibrosis. Furthermore, the test also indicated the highest correlation with the right liver lobe below the rib (r = 0.81) and the lowest correlation with the left lobe (r = 0.59). Therefore, we speculated that the data from the right lobe below the rib are more reliable than data from the left lobe, for predicting the severity of hepatic fibrosis.
In this study, there were multiple hepatic cutting surfaces (or sections), and at least 2 values (average 1 and 2) were measured for each surface. Thus, multiple parameters were obtained, and multivariate analysis was needed. PCA can analyze the main determinants from multiple parameters, thereby simplifying complex issues. In this study, the 4 pairs of mean cm 2 values were analyzed using PCA and differences across all cases of fibrosis were represented using a 2-dimensional scatter plot. This plot revealed that there were statistically significant differences between any 2 groups; this was further confirmed by MANOVA. Various statistical analyses (Wilks' Lambda, Pillai's Trace, Hotelling-Lawley Trace, and Roy's Greatest Root) showed significant differences among the groups (F0-F4, P <.01, Table 3 ).
Next, comparisons of 2 adjacent staging groups revealed that the different pathological stages of hepatic fibrosis differed statistically significantly between 2 adjacent stages (P = .03 for F0 vs F1; P <.01 for the rest; Tables 4-7) . A previous investigation of ASQ combined with pathological diagnosis in 148 hepatitis patients reported statistically significant differences among F0-F1 versus F2, F0-F1 versus F3 and F2 versus F3 [15] , which is consistent with the results of the present study. However, Ricci et al performed both ASQ and FibroScan on 77 patients with hepatitis B or C and 20 healthy volunteers. [13] They found no statistically significant differences between these 2 methods, and concluded that ASQ was a promising new ultrasound software program that held promise for the diagnosis of both liver cirrhosis (F = 4) and fibrosis (F ≥1).
The ROC curve presents a number of different thresholds for continuous variables by which a series of sensitivity and specificity values can be derived. It further presents sensitivity as the ordinate and 1-specificity as the abscissa for drawing a curve. The AUROC range from 0.5 to 1, where 0.5 represents a completely worthless diagnosis, and 1 is the ideal. Thus, a value of 0.5 to 0.7 is thought to be of low diagnostic value, 0.7 to 0.9 represents a medium value, and a value above 0.9 represents high diagnostic value. The larger the AUROC is, the higher the diagnostic accuracy is. The Youden index is calculated from the formula: sensitivity+ specificity-1. Critical values are obtained by maximizing the Youden index. Using an ROC curve, criteria can be computed to predict the degree of hepatic fibrosis. However, in Table 8 , we show that the maximal AUC (0.969) was obtained for cm 2 average 1 for F0 versus F1-F4 groups, using a low criterion (110), while the maximal criterion (145) was obtained with cm 2 average 2 for F0-F3 versus F4 groups, with a relatively small AUC (0.882). This indicates that a larger sample should be investigated and that the methodology should be improved in future. In addition, we did not perform sample size calculation, which should be addressed in future studies.
Despite the limitations mentioned above, which may influence the accuracy of a minor fraction of cases, ASQ has the advantage of repeatability, objective reflection of hepatic fibrosis degree, and non-invasiveness. Table 6 MANOVA test criteria and Exact F statistics for the hypothesis of no overall F2 versus F3 effect. 
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